To develop a meta-analysis to determine the effectiveness of rehabilitation in patients with chronic obstructive pulmonary disease (COPD).
DATA SOURCES: MEDLINE, CINHAL, and Cochrane Library searches for trials of rehabilitation for COPD patients. Abstracts presented at national meetings and the reference lists of pertinent articles were reviewed.
STUDY SELECTION: Studies were included if: trials were randomized; patients were symptomatic with forced expiratory volume in one second (FEV1) <70% or FEV1 divided by forced vital capacity (FEV1/FVC) <70% predicted; rehabilitation group received at least 4 weeks of rehabilitation; control group received no rehabilitation; and outcome measures included exercise capacity or shortness of breath. We identified 69 trials, of which 20 trials were included in the final analysis.
DATA EXTRACTION: Effect of rehabilitation was calculated as the standardized effect size (ES) using random effects estimation techniques.
RESULTS:
The rehabilitation groups of 20 trials (979 patients) did significantly better than control groups on walking test (ES = 0.71; 95% confidence interval [95% CI], 0.43 to 0.99). The rehabilitation groups of 12 trials (723 patients) that used the Chronic Respiratory Disease Questionnaire had less shortness of breath than did the control groups (ES = 0.62; 95% CI, 0.35 to 0.89). Trials that used respiratory muscle training only showed no significant difference between rehabilitation and control groups, whereas trials that used at least lowerextremity training showed that rehabilitation groups did significantly better than control groups on walking test and shortness of breath. Trials that included severe COPD patients showed that rehabilitation groups did significantly better than control groups only when the rehabilitation programs were 6 months or longer. Trials that included mild/moderate COPD patients showed that rehabilitation groups did significantly better than control groups with both short-and long-term rehabilitation programs.
CONCLUSION: COPD patients who receive rehabilitation have a better exercise capacity and they experience less shortness of breath than patients who do not receive rehabilitation. COPD patients may benefit from rehabilitation programs that include at least lower-extremity training. Patients with mild/ moderate COPD benefit from short-and long-term rehabilitation, whereas patients with severe COPD may benefit from rehabilitation programs of at least 6 months. Although rehabilitation has been shown to improve exercise capacity, its effect on subgroups of COPD patients is still not well characterized. According to the American Thoracic Society Guidelines, there is a wide variation in rehabilitation regimens and there is a need for new studies to establish an optimal guideline for rehabilitation. 3 The aim of this study is to develop a meta-analysis to assess the effect of rehabilitation on exercise capacity and shortness of breath in patients with COPD, and to determine the optimal type and duration of rehabilitation programs.
METHODS

Data Sources
The primary search included MEDLINE (1966 ( to September 2000 , CINHAL (1990 to September 2000 , and the Cochrane Controlled Trials Register for trials published in all languages. The terms used in the search were: lung disease, obstructive; COPD; rehabilitation; exercise; and training. The search was then limited to randomized controlled trials. To identify unpublished data, we reviewed abstracts presented at national meetings (American Thoracic Society, European Respiratory Society) and reviewed the reference lists of pertinent articles.
Inclusion and Exclusion Criteria
We included trials if they were randomized controlled and included patients with obstructive lung disease defined as either forced expiratory volume in one second (FEV1) <70% predicted value or FEV1 divided by forced vital capacity (FEV1/FVC) <70% predicted value. Trials that included patients with asthma and trials with no FEV1 documentation were excluded. Patients in the included trials had to either be symptomatic or have evidence of impaired exercise capacity. We included trials that used any type of rehabilitation (upper-extremity, lowerextremity, or respiratory muscle exercise) 3 times a week for at least 4 weeks. Only trials that reported outcome measures of exercise capacity and shortness of breath were included. If a trial included more than 1 rehabilitation group, we included only the most comprehensive group and the control group. Inter-rater agreements on trial inclusion were assessed by the k value.
Quality Assessment
Two investigators assessed the methodological quality of the included trials. Using published literature on quality assessment, 6, 7 we used a 4-point scale to assign a quality score for each trial. The quality score included 4 criteria 1 : all patients who entered the trial were properly accounted for at its conclusion 2 ; investigators who did the assessment were blinded to treatment assignment 3 ; groups were similar at the start of the trial; and 4 patients were treated equally. Inter-rater agreement quality scores were assessed by the k value.
Outcome Measures
The primary outcome measures included the effect of rehabilitation on exercise capacity measured by the walking test, and the effect of rehabilitation on shortness of breath measured by the Chronic Respiratory Disease Questionnaire (CRDQ).
We performed a meta-regression to explore potential association between the outcome measures and characteristics of rehabilitation or patient population. 8 The dependent variables were walking distance and shortness of breath, and the independent variables were severity of COPD, type of rehabilitation, and duration of the rehabilitation.
Statistical Analysis
Effect Size. We calculated the treatment effects for each individual trial as the mean difference in the change from baseline scores between intervention and control groups.
To accommodate differing units of measurement among the trials, we calculated the effect size (ES) by dividing the treatment effect of each trial by the combined standard deviation of the change in the intervention and control groups of the same trial. The individual standardized effect sizes were combined using the random-effect approach of Der-Simonian and Laird. 9 The random-effect approach assumes that the observed ES from each trial is a random sample from a larger population of possible effect sizes, and that there is random variation among the effect sizes in the population as opposed to one fixed true ES. Thus, the total variance of an estimated ES reflects both the estimation variability and the population random effects variance. The combined ES and confidence limits computed using this technique are therefore more conservative than a fixed-effect estimate.
9
Sensitivity Analysis. We performed sensitivity analyses to test the robustness of the results to different assumptions. 8 These included checking for differences in the ES estimates resulting from the methodological quality of the trials, the statistical method of calculating ES, and the presence of publication bias. Publication bias was examined by stratifying the analyses by trial size. Larger trials can detect smaller effects as statistically significant. If publication bias is present, it is expected that the larger studies will report small effect sizes, whereas small studies will report large effect sizes. We also checked the robustness of the pooled ES to removal of the trials with the largest effect sizes. We ranked the trials by the value of their individual effect sizes, then eliminated, one at a time, the trials with the highest ranks. Then we assessed the significance of the pooled effect of the remaining trials. We repeated this process until the pooled ES was no longer significant. 10 Test of Heterogeneity. We examined the consistency of treatment effect across the primary trials. Some divergence of trial results from the overall estimate is always expected purely by chance. If the test of heterogeneity is statistically significant (P < .05), the between-trial variability is more than that expected by chance alone. Consistency of trial results despite variation in trial characteristics provides important and powerful corroboration of the generalization of the treatment effect.
RESULTS
The search of MEDLINE, CINHAL, and the Cochrane Controlled Trials Register resulted in 456 randomized controlled trials about rehabilitation for patients with obstructive lung disease (Fig. 1 ). Of these, 407 trials were excluded after initial review. Twenty trials were added after searching the reference lists of the 49 relevant articles and abstracts from national meetings. Thus, a total of 69 trials were considered for inclusion. Two reviewers evaluated these trials for inclusion and exclusion criteria. Both agreed to include 18 trials and exclude 49 trials. They disagreed on 8 trials, 2 of which were included after consultation with a third reviewer. A total of 20 (999 patients) trials were included in the final analysis. The percent agreement between the 2 reviewers was 91%, with a k value of 0.79. (723 patients) used the CRDQ to assess shortness of breath.
(One published study [27] was considered as 2 trials because it included 2 intervention groups and 2 control groups.) Fifteen trials included mild to moderate COPD patients with average FEV1 values >35%, or 0.8 L (Table 1) . Six trials included severe COPD patients with average FEV1 values 35%, or 0.8 L (Table 2 ). There were no significant differences between the number of patients who dropped out of the rehabilitation groups and the number of patients who dropped out of the control groups (t test; P = .639). The two reviewers evaluated the methodological quality of the 20 trials included in the final analysis (Tables 1 and  2 ). The percent agreement on the quality score was 79% with a k value of 0.55.
Pooled Analysis
Walking Test. Figure 2 shows the twenty trials (979 patients) that used the walking test to evaluate the effect of rehabilitation on walking distance. Pooled analysis showed that the rehabilitation groups did significantly better than control groups on the walking test. Subgroup analyses showed that the rehabilitation groups of trials that included mild/moderate COPD patients and trials that included severe COPD patients did significantly better than control groups. The results of the twenty trials and the subgroups were heterogeneous.
Shortness of Breath. Figure 3 shows the results of the 12 trials (723 patients) that used the CRDQ to evaluate the effect of rehabilitation on shortness of breath. Pooled analysis showed that the rehabilitation groups were significantly less short of breath than were control groups. Subgroup analyses showed that the rehabilitation groups of trials that included mild/moderate COPD patients and trials that included severe COPD patients were both significantly less short of breath than were control groups. The results of the 12 trials and trials that included mild/moderate COPD patients were heterogeneous, whereas the results of 3 trials that included severe COPD patients were homogeneous.
Meta-regression
The purpose of the meta-regression was to examine gradients in treatment effects and to explore potential association between the outcome measures and characteristics of rehabilitation or patient population. We checked the effect of variations in the severity of COPD, type of rehabilitation, or duration of the rehabilitation program on walking distance and shortness of breath.
Walking Test. Figure 4 shows that the rehabilitation groups in the trials that included at least lower-extremity training (18 trials) did significantly better than control groups on the walking test. In the trials that included respiratory muscle training only, there was no significant difference between rehabilitation and control groups. In the trials that included severe COPD patients, the rehabilitation groups did significantly better than control groups only when the rehabilitation programs were 6 months or longer. On the other hand, the rehabilitation groups of the trials that included patients with mild/moderate COPD did significantly better than control groups with both longand short-term rehabilitation programs. Shortness of Breath. Figure 5 shows that the rehabilitation groups in the trials that included at least lower-extremity training (11 trials) were significantly less short of breath than were the control groups. One trial that included respiratory muscle training only showed that there was no significant difference in shortness of breath between rehabilitation and control groups. In trials that included severe COPD, the rehabilitation groups experienced less shortness of breath than did control groups only when the rehabilitation programs were 6 months or longer. On the other hand, the rehabilitation groups of the trials that included patients with mild/moderate COPD were less short of breath than were control groups in both long-and short-term rehabilitation programs.
Sensitivity Analysis
The sensitivity analysis is illustrated in Figure 6 . First, there was no significant difference between the trials with methodological quality score of 2 or less (low validity) and trials with methodological quality score of 3 or more (high validity). Second, assessment of publication bias showed that trials with subjects less than 25 patients have larger treatment effect sizes. This is a sign of publication bias. However, exclusion of these trials has no significant effect on the overall ES. We also checked for publication bias by using the statistical test developed by Begg. 31 Results showed no significant publication bias with P = .2428. Third, there was no significant difference between the overall ES when calculated using the random-effects method and the overall ES when calculated using the fixed-effects method. The confidence interval is slightly wider when using the random-effects method. We also evaluated the strength of the meta-analysis results by checking the robustness of the pooled ES after removing trials with the largest effect sizes. The more trials that can be removed before the pooled ES becomes nonsignificant, the more robust the meta-analysis. The pooled ES for the walking test became nonsignificant (P = .024) only after removal of 9 studies (509 patients).
DISCUSSION
Chronic obstructive pulmonary disease is the fourth leading cause of death in the United States, accounting for more than 110,000 deaths in 1998. 32 COPD is responsible for more than $30 billion a year in direct medical care expenditures and indirect costs. 33 Although 16 million cases of the disease have been diagnosed, an estimated 15 million cases or more remain undiagnosed. 34 The quality of life for a person suffering from COPD diminishes as the disease progresses. A recent American Lung Association (ALA) survey revealed that half of all COPD patients (51%) say their condition limits their ability to work. It also limits them in normal physical exertion (70%), household chores (56%), social activities (53%), sleeping (50%), and family activities (46%).
33
A previous meta-analysis by Lacasse et al. 35 showed that rehabilitation for COPD patients improves exercise capacity and quality of life, including shortness of breath. Pulmonary rehabilitation also results in substantial savings in health care costs. A randomized controlled trial by Griffiths et al. 36 showed that an outpatient pulmonary rehabilitation program was cost-effective and was likely to result in financial benefit to the health service. Previous studies by Lertzman and Cherniak 37 and Jensen 38 also
showed that pulmonary rehabilitation results in fewer hospitalizations and in decreased length of hospital stay. The ATS and VA guidelines recommend rehabilitation for patients with continued respiratory symptoms despite medical treatment and for patients with limited functional capacity. According to an ALA survey, 33 at least half of COPD patients have limitations in their activities of daily living. Thus, half of COPD patients are expected to benefit from rehabilitation. The ATS and VA guidelines do not specify the type or the duration of rehabilitation. Although rehabilitation for COPD patients is used by many medical centers to improve exercise capacity and decrease shortness of breath, the standards of care are still a subject of clinical judgment. A national survey of 150 programs showed wide variation in program delivery. 39 The optimal frequency and length of such programs has not been determined. The meta-analysis by Lacasse et al. 35 showed an improvement in walking distance with an ES of 0. 35 failed to identify factors that are associated with improvement in outcome. One strength of this study resides in identifying the factors that are associated with improvement in outcome measures. Unlike respiratory muscle training, lowerextremity training was associated with beneficial outcome among rehabilitation groups irrespective of severity of illness of COPD patients. The other finding was that patients with severe COPD required rehabilitation programs of 6 months or longer for the rehabilitation group to show benefit over the control group. These findings conform with the physiologic changes after rehabilitation. Rehabilitation increases exercise tolerance by improving neuromuscular coordination and desensitizing dyspnea perception. This leads to improved ability to carry out everyday activities. 40 Another strength of this study resides in the metaregression's ability to explain the heterogeneity of the results. Because the trials were not conducted according to a common protocol, there were variations in patient groups, clinical settings, concomitant care, and methods of delivery of intervention. Heterogeneous results are less generalizable because of the possibility of hidden factors associated with the changes in the results. The metaregression helped to explain the variation between subgroups, rendering the results of within-subgroups consistent. This provides a powerful corroboration of the generalization of the treatment effect, and it places a greater degree of certainty on the application of the findings to wider clinical practice.
The robustness of this meta-analysis to different methodological and validity assumptions adds to the strength of the results. Neither the variation in the way we calculated ES nor the variation in the validity of the trials had significant impact on the results of the metaanalysis. In addition, although there was a tendency toward a publication bias, it did not affect the results.
The limitations of our study include: First, we used aggregate data instead of individual patients' information. This may have underestimated or overestimated the outcome measures. Second, the meta-analysis included small-size trials with large effect sizes. This may have skewed the results toward a beneficial effect of rehabilitation groups. Third, the intervention could not be concealed and was classified as upper, lower, or respiratory training without details about each intervention.
Finally, future trials should include large numbers of patients, and they should be randomized controlled trials. In addition to exercise capacity and shortness of breath, outcomes should also include survival rate, hospitalization rate, and health care cost.
CONCLUSION
The results of this meta-analysis support the role of rehabilitation in the treatment of patients with COPD. Rehabilitation improves walking capacity and shortness of breath in patients with COPD. All patients with symptomatic COPD may benefit from rehabilitation programs that include at least lower-extremity training. Patients with severe COPD may benefit from rehabilitation for at least 6 months, while patients with mild to moderate COPD may benefit from shorter rehabilitation programs. These findings provide new insights into the effectiveness FIGURE 6. Sensitivity analysis. * P values for test of heterogeneity.
